Escapes from the injured fascicle (EIF) were investigated in 281 cases of bundle branch block (BBB), and during 35 experiments in which rate-dependent BBB was provoked in the intact canine heart. During When Purkinje fibers are studied in a bath preparation, the relationship between enhanced SDD and impaired conduction can be documented with microelectrode techniques.5 In the intact heart, this relationship can be established only indirectly, when BBB is associated with escape beats arising from the affected fascicle. In the present study, this association was demonstrated in a series of clinical cases, and reproduced experimentally in the canine heart. It could thus be shown that changes in the degree of fascicular injury and phase 4 BBB were accompanied by correlative changes in the frequency and coupling interval of the fascicular escapes. In addition, drugs known to influence automaticity were tested and were shown to have a simultaneous effect on both the BBB and the fascicular escapes.
Isoproterenol
Purkinje fibers phase 4 bundle branch block (BBB) is related, among other factors, to enhanced SDD, and that this is a common physiologic response to some forms of fascicular injury.
When Purkinje fibers are studied in a bath preparation, the relationship between enhanced SDD and impaired conduction can be documented with microelectrode techniques.5 In the intact heart, this relationship can be established only indirectly, when BBB is associated with escape beats arising from the affected fascicle. In the present study, this association was demonstrated in a series of clinical cases, and reproduced experimentally in the canine heart. It could thus be shown that changes in the degree of fascicular injury and phase 4 BBB were accompanied by correlative changes in the frequency and coupling interval of the fascicular escapes. In addition, drugs known to influence automaticity were tested and were shown to have a simultaneous effect on both the BBB and the fascicular escapes.
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RELATION OF AUTOMATICITY & CONDUCTION Material and Methods

Experimental Observations
Forty mongrel dogs weighing 12 to 20 kg were anesthetized by i.v. injection of sodium pentobarbital (30 mg/kg) and placed under controlled respiration. The chest was opened through a midsternal thoracotomy and the pericardium was incised. Electrodes for conventional electrocardiographic recording were placed and a unipolar lead similar to V, was connected onto the right ventricle. In 32 experiments, the electrical activity of the His bundle (H) and left bundle branch (LB) was recorded through fine teflon-coated wires inserted into the area of the H and LB. For recording the H, Scherlag's technique"1 was used. For recording the LB, the technique consisted of hooking the LB just below the junction of the noncoronary and right coronary aortic cusps. To accomplish this, the needle transporting the wires was plunged through the middle of the right ventricular wall and the ventricular septum.
A pulse generator (Medtronic 5837) was used to stimulate prematurely or to overdrive the atria through a bipolar catheter placed against the lateral wall of the right atrium. The vagal nerves in the neck were exposed and left intact. Faradic current was used for vagal stimulation. Bipolar leads from the H and LB were led into high-gain preamplifiers (Sanborn 350-2700 C) and filters between 15 and 5000 cps were used. The ECGs were recorded by means of standard electrocardiographic preamplifiers (Sanborn 350-3200 A). All the records were displayed on a 6-channel photographic recorder (Sanborn 4560 Series Recorder), and paper speeds between 50 in which slowing of the heart rate was minimal to cases in which pauses of up to 8.00 sec were provoked, although this latter response was uncommon. Pauses of between 1.00 and 2.00 sec were common, and pauses of 3.00 to 4.00 sec were not exceptional. In general, the critical R-R interval for phase 3 BBB6-'0 was around 1.00 sec, and only exceptionally it extended beyond 1.50 sec. Accordingly, if pauses of 1.50 to 2.00 sec were provoked without normalization of conduction, the BBB was considered to be stable or fixed. The critical R-R interval for phase 4 BBB was more variable, ranging commonly between 1.20 and 1.60 sec, but extending in some cases up to 3.00 to 6.00 sec and even more.
When these long pauses unveiled phase 4 BBB, it was because escape beats did not occur, or only intermittently. If escape beats or phase 4 BBB did not occur before 2.00 sec, a pause of at least this duration was set as the limit for inclusion in the present study. Thus, 24 cases in which phase 4 BBB was demonstrated and 31 cases of fixed BBB were selected for further analysis.
Drugs
In six patients and during two experiments, the effects of lidocaine and/or isoproterenol were tested. Lidocaine was given by a bolus i.v. injection, and isoproterenol by an i.v. infusion. The doses will be indicated when describing the results.
Results
Identification of escape beats
Two main varieties of escapes were recorded during the experimental studies. Junctional or His bundle escapes occurred commonly after vagal stimulation and were characterized by independent H and LB deflections followed, after a normal H-V interval, by a narrow QRS in the controls ( fig. 1A and 2A ), or by a BBB pattern after fascicular injury ( fig. 2E ). These escape beats were unaffected by the experimental procedure and were irrelevant to the present study except for two reasons: a) Occasionally, early junctional escapes precluded the possible occurrence of EIF. b) Commonly, the junctional escapes had a much longer coupling interval than the coupling of the EIF, indicating that the latter were related to a marked increase in automaticity ( fig. 1 and 2) .
The EIF occurred only after fascicular injury and were identified according to the following criteria: a) the QRS was wide, b) was not preceded by H or LB deflections, and c) showed a BBB pattern opposite to the provoked BBB ( fig. 1 and 2 Figure 2 shows the sequence of one of the experiments in which the RB was injured. Four stages were documented. During stage 1 (first 6 min), complete and totally rate-independent RBBB occurred, and ElF were frequent and had a short coupling interval that increased progressively in duration (panels B to D). X _ w w w 820 RELATION OF AUTOMATICITY & CONDUCTION beginning of stage 2 and widened progressively in a few minutes at the expense of both the phase 3 and phase 4 block ranges (mostly the latter) in such a way that the phase 4 BBB shifted progressively to the right. The EIF appeared together with the BBB, and when injury diminished and the phase 4 BBB moved to the right, it was accompanied by a shift of the EIF in the same direction. During this shift, the coupling of the EIF was commonly slightly longer than the critical diastolic interval for phase 4 block. In 23 of the 35 experiments in which phase 4 BBB was provoked, the sequence of events followed, with minor differences, was that described in figures 2 and 3. 1 ning of stage 2, and that injury was rather severe. At that moment, the EIF were relatively early and fell slightly beyond the beginning of the phase 4 block range. The following diagrams show that when the normal conduction range widened during a period of several weeks (coinciding with the improvement of the antero-septal ischemia), and when the phase 4 block range was displaced to the right, the EIF also shifted to the right. As in the canine experiments, the EIF followed pari passu the conduction changes, particularly the phase 4 BBB range, indicating the existence of a relationship between degree of injury, phase 4 BBB, and enhanced automaticity within the injured fascicle. However, while the EIF were almost constant in the canine experiments, they were much less common in the patients with phase 4 BBB, as well as in the patients with fixed or stable BBB.
Effects of Isoproterenol and Lidocaine
Since phase 4 BBB and the ElF appear to be related to enhanced SDD,6-'0 drugs known to affect this physiologic property may be expected to cause changes on both the conduction disturbance and the escape beats. With this idea in mind, several drugs were tested, but because of their special pertinence to the present study, only some preliminary effects of isoproterenol and lidocaine will be presented here (tables 1 and 2). Isoproterenol was difficult to test in the canine experiments due to the occurrence of multiple and repetitive ectopic beats, but in five clinical studies the following effects were observed (table 1): A) The phase 4 BBB range shifted significantly to the left (cases 1 and 2), or occurred during a range occupied by normal conduction in the control (cases 3 and 4). B) The phase 3 BBB range also shifted significantly to the left (case 1), or was totally replaced by normal conduction (cases 2, 3, and 4). C) As a consequence of effects A and B, the normal conduction range also shifted to the left, but its duration increased or decreased according to which of the two predominated. D) The coupling interval of the EIF became progressively shorter, and also progressively, returned to its control value when the drug was discontinued in one patient (case 5); EIF which were not present in the control occurred in another patient (case 3); in one other patient in which only junctional escapes were present in the control, the coupling of these escapes was greatly shortened, and EIF were not observed ( figure 6 illustrate the effects of isoproterenol (an i.v. infusion of 0.25 micrograms/min) on a patient with LBBB and EIF. The control study showed EIF with coupling intervals of 2.12, 1.82, and 1.76 sec (during carotid sinus massage). During the peak effect of the drug (middle strip), the coupling intervals dropped to 1.50, 1.38 and 1.32 sec, and became progressively longer when the drug was discontinued. In the same patient, a bolus i.v. injection of 40 mg of lidocaine suppressed totally the EIF (third strip). No simultaneous effects upon conduction occurred due to the fact that the day of the study the BBB had become fixed. However, phase 4 and phase 3 BBB had been present five days prior to the study. Figure 7 shows the effects of isoproterenol (an i.v. infusion of 0.35 to 2.40 gg/min) on the patient of figure 4 and 5, at a moment when the normal conduction range was narrow and junctional escapes predominated. Both the phase 4 and phase 3 BBB ranges shifted to the left, the latter more than the fig. 4 and 5. Symbols as in figure 5. former; accordingly, the normal conduction range shifted also to the left and increased in duration. caused a suppression or delay of the EIF. It was also thought that such a marked effect on the EIF would be accompanied by a shift of the phase 4 BBB range to the right with widening of the normal conduction range, particularly because lidocaine may also shorten action potential duration and refractoriness.2628 30 However, in several studies the contrary occurred, the normal conduction range was abolished and the BBB became rate-independent. A possible way of accounting for this result in which automaticity and conduction were simultaneously depressed is by postulating that lidocaine caused a significant depression of membrane responsiveness. 3 28 Since it has been shown that at therapeutic doses lidocaine has little effect on membrane responsiveness or that it may even improve it in normal Purkinje fibers,27 28 our results suggest that the opposite effect may occur in abnormal or critically injured fibers. This suggestion is supported by the fact that it was particularly when the normal conduction range was narrow (indicating a greater degree of injury) that lidocaine had the effect of depressing conduction further; whereas when the normal conduction range was wider (indicating less injury), the depressing effect upon conduction was less significant or absent. Since previous reports on the effects of lidocaine upon intraventricular conduction are also conflicting,2636 the present results indicating that lidocaine may depress conduction in injured fascicles of the intact human and canine heart are of great clinical significance, and furnish an explanation for Circtulation, Volume XLIX, May 1974 826 the reported development of severe intraventricular or atrioventricular block during the administration of therapeutic doses of lidocaine.34 37 38
In spite of limitations, the results of the present study may be of great relevance. Recently, Rosen and Hoffman3 stated that "it clearly is essential to know the relative sensitivity of the normal and the abnormal Purkinje fibers to the antiarrhythmic drug," and gave examples of drugs which have different effects on certain physiologic properties of normal as compared with abnormal Purkinje fibers. Another pertinent statement was that "information about drugs effects should be obtained whenever possible from studies on the human heart, and if the results are to be related to the clinical efficacy of a drug, such studies should not be restricted to normal tissues." Indeed, the fact that phase 3 and phase 4 BBB can be identified in patients or provoked in the intact canine heart, and that under such conditions conduction and automaticity can be simultaneously changed with certain drugs, indicates that this model has great potential value for studying the effects of antiarrhythmic drugs. 
